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REPORT No. 215

AIR FORCES, MOMENTS, AND DAMPING ON MODEL OF FLEET
ATRSHIP SHENANDOAH

- By A. F. Zahm, R. H. Smith, and F. A. Louden

INTRODUCTION

To furnish data for the design of the fleet airship Skenandoak, & model was made and tested
in the 8 by 8 foot wind tunnel for wind forces, moments, and damping, under conditions de-
scribed in this report. The results are given for air of standard density, p=.00237 slugs per
cubic foot without VL/v correction, and with but a brief discussion of the aerodynamic design
features of the airship. This aceount is & slightly revised form of Report No. 195, prepared for
the Bureau of Aeronautics, July 22, 1922, and by it submitted for publication to the National
Advisory Committee for Aeronautics. '

Fleet airship Shenandeah of which two models were made and used in these tests

DESCRIPTION OF THE MODEL

The model during its first tests was 67.75 inches long, and was then shortened 3.28 inches
by removal of a cylindric midship section to receive further tests. The external appearance
of the shorter hull is given in Figure 1; the dimensions of both are given in Figure 2. During
the test the long hull was first bare, then fitted successively with the controls 1, 2, 3, 4, 5, shown
in Figures 4, 5, 6; the short hull was first bare, then fitted successively with controls 5, 64, 6B,
6C, 6D; the latter shown in Figure 7. The bodies were of dry pine and varniched; the movable
controls all were of brass; the thin fins Nos. 1, 3, were of brass; the thick ones of wood. The
cross sections of the fins at their thickest point is given in Figure 3, and the areas of the various
fins and controls are given in Table I.

The following classification of the controls has been furnished by the Bureau of Aeronautics:
Type 1.—Original 149 controls, fiat surfaces. .
Type 2.—Similar to Type 1, but surface double-cambered.

Type 3.—Flat surfaces, cant-ilever balance, area approximsately 20 per cent greater than Type 1.
Type 4—Similar to Type 3, but surfaces double-cambered.

Type 5.—Internally braced fing, ‘“Handley Page' balance. Area approximately the same as Type 3.
Type 6.—Movable surfaces A, B, C, D with common fins slightly larger than fins 5. 155
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Long size

Short slze -
Dimensions . - -
Model Full size ) Model | Full slze
§ Length_______ 64468 fnches______ 196.5 Motersm644.7 fot.._.____ | 87.748 inches__. .. |, 208.5 meters=677.5 fect.
Burface of hnll._ 1.253.&05 square | 11 64:: square metersw= 125,321 square 1,3&4%86 square | 12305 s u?re metors=133,414
) 68, eet. . _ | 'inches. . uare feet..
§ Alr volume of hull..____. 2,181.598 cuble saicubic meters=2,131,5608 cublo | 3,289.736 cublie 842%%1 ctu!tﬂc metora=2,280,736
inches. R nches. ¢ foct.
Maximum sectional | 48.2320 square | 448 square meters—4,822 square feef.; €8.220 square | 448 square meters=4822 square
area, inches. inches. feet.
Magsofhull.. ... 0.00202 slugs....-..| 5,061.89 8108 oo eaaaes 0.00814 slugs....... 5,428.67 slugs.
Hinge of elevator and rudder, long model, is at station 41, ’ - 7 o

Hinge of elevator and rudder, short mode

f, is at station 30.

Mode! IfI20 full size

b
/ .B_ \
Bt 808yt A e
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4 < e
a
a = 67.748"(/720.8/ mm) for long model o = 7.874"(200.00 mm) m = 24 gores
64468°(1637.49 * ) « short « e= L773" (4503 ~) exceptaf stotigns
b = 3(.640°(803.68 = ) = long « f= [675° (42.55 +«) J38+to 42 orrlong
30.000"f 762.00 * « short = g= L3I5" (33.40 ~ maode/and 36 fo 40
c = 59.040°(1459.62 » } ¥ long * A= 1.150" (29.2] +*} on short model
36 divisions .64 (4656 mm)} each i= 0.33(3" (8.38 N where there ore I2
¢ = 55,760(1416.3/mm) for short model  j = 9.00° k= /8.00 gores g&.b“’apor'f
34 divisions .64 each m=14.25 = 342
- F16. 2—Models used in tests for Shenandosh
SHORT MODEL
Station No.
1 'Y 8 4 5 8 7 8 g 10 11 12 13 14 |15-21| 22 23
Diameter of eircumserlbing eir- ) - : l
specifled. oo 1. 434 18. 248 '4. 248 (5. 062 5. 686 |6 280 |6. 726 |7. 070 [7. 832 |7. 526 |7. 668 7. 768 |7.828 |7.858 {7.874 [7. 854 (7.818
Width of alt gores except keel . i
gpecified . il .180 | .403 | .537 | .628 | .705 | .779 | .834 | 877 ] .900 | .938 | .961 | .964 | .971 | 976 | . 077 | .974 | . 970
‘Width of keel specifled........ 220 [ . 810 .703 | . 891 | . 984 (L. 054 |L. 108 |L 149 |1.179 |L 201 il.217 1,226 [1.231 |L 238 [1.230 |1.225
Btation No. .
) 24 25 268 27 28 2 30 31 32 33 -] 38 36 a7 38 k) 40
Diameter of cirenmscribing eir- : - H -
cles {1+ R 7762 |7. 660 [7. 518 {7.832 (7. 110 6. 848 6. 542 |5, 100 [5.800 |5 368 |4 802 :4.376 |3. 810 13.208 2. 536 |1.802 [&. 988
‘Width of all gores except kee! . N -

.s{p 7o SO .803 | .050|.982(.000 | .882 (.840 | .811 g% L710| .606;.607 | .530 | .008.700|.624 ) .443 ) .243
Width of keel specified... .. __ 1216 |1, 200 L. 177 |1. 149 |1. 114 [1.072 [L 025 | . .900 | .841!.767 (.686 | .507 | .504 | .308 | .283 | . 000
LONG MODEL

Btatlon No,
1722 e stel 78 e 0] u]m|s]|ulsnul s
Diameter of olrcumacribing off: ) i
6 §; (1o S, 1. 454 |3. 248 14. 248 15,082 (5. 686 |6. 280 6.726 :7.07] 17.332 :7. 526 [7. 668 [7. 768 |7.828 (7.858 |7.874 {7,854 [7.818
Width of all gores except keel l . )
s{peclﬂed ................... - .180 | .403 1 .527 1 .628 | .705[.779 | .834 | .877 | .009 | .038 | .061 | 064} 071 | 976 [ . 077 | . 074 ] . 070
‘Width of keel specified....._j .229 | .510 | .666 | .793 | . 801 .984.|1.054|1.10§ 1. 149 ‘L179 1201 [1.217 {1.226 [1.231 (1,233 |1. 230 j1.226
Btation No.
'zsm'zsmsomszsafuu_aomzasomuu
Diameter of oircumsoribing cir- : : . e - )
clespealfied ... 7.762 |7. 660 (7. 516 |7. 332 |7. 110 (6. 848 6. 542 (6. 190 [5. 800 6. 368 |4.892 4.376 [3.810 |3, 208 (2, 538 |1.802 ;0,988
Width of all gores except keel -
specified. . . ... - -963 [.950 | .932 | .900 | .882 | .849 | .811 ggg LT19 | .0668 | ,.607 [ .530 |.988 | .700 | .624 | . 443 | .243
‘Width of kee! specified._....... L210!1.200 1,177 [1.140 {1114 |1.072 1L.025 | . : .909 L5041 .308 ) .283 | .000
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METHODS OF TEST

During the tests for forces and moments the models were supported from the flange at the
bottom of the wind balance shank, as shown in Figuré'l, by means of a horizontal frame, from
which fine wires ran to suspension points on the hull before and after its center. The mechanism
and operation of this balance are described in Report No. 146 of the National Advisory Com-
mittee for Aeronautics. The head-on net drag so obtained was checked by measurements on the
bifilar balance. In the part of the tunnel under the first named balance the wind has no static
pressure gradient, hence correction for horizontal buoyancy for that region was not-necessary,
as it was for the space under the bifilar balance.

During some of the tests five components of the air force,’ i. e., the lift, drag, cross-wind
force, pitching and yawing moments, were measured simultaneously.

The damping coefficients were determined with the aerodynamic oscillator shown in Figure
8. The oscillator axle had a counterweight at one end, and at the other ran squarely into the
hull at-its buoyancy center.

The wind speeds and model settings for the various tests are sufficiently disclosed in the
tables and diagrams accompanying this text. The oscillation values in the tables are faired
from three or four sets of observations made for each condition of model and wind.

Fi6. 1,—Model of fleet alrship No. 1 suspended on wind balance F16. 8

DRAG OF BARE HULLS

Tables IT and III give the head-on drag and_the shape coeflicient for the bare hulls, long
and short, as found for speeds of 20, 30, 40, 50, and 60 miles an hour; also the head-on drag and
shape coefficient for 40 miles an hour, with control surfaces 1, 2, 3, 4, and 5. Figs. 9 and 10
show familiar graphs of the head-on drag and shape coefficeints for the two bare hulls, at speeds
of 20 to 60 miles an hour. At speeds of 40 to 60 miles the long hull has 2 to 3 per cent more
drag than the short one, but'has a perceptibly smaller shape coefficient, due to its greater volume.

1“Dyname" may be used as the exsct term for the entire urge of the air on the model. The dyname can have three components of foree, and
three of moment; for example X, Y, Z, L, M, N. See Routh, Analytical Statics, Vol. I
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Airspeed, V (MPH) - Airspeed, V (MPH)

/5 20 30 «© 50 E0 55 2 30 40 50 60
B :
a . i)
H : 11
30 Modef arid frame without wires Model and frame without wires b
2 = Model, frame and 2 wires. 7 Model frame and 2 wires
5 - . - ” T { - 2. S - L
U n +
Z0 Laan 20 >
= 5 <
Q./5 s S b
N g
[ - " . .‘.
g AA § AW .4
Sro i "a-/ g Y7,
2.09 o 2.09 7
1]
L?.Db’ = " & .08 = ':.",' -
07 ZFELE Mode! wilthout wires arnd -0 ZEA Mode! without wires
o6 A frame, and corrected for .06 275} frrame, and corrected forf
A pressure Nef resis- o pressure drop. Nef resis—
05 7 fance R=KV"=000(632 V*5%, 05 7 - At farice R=K'V"=000/335 V295
7
N
ot Yoa 7
2 (, =05668 V.= g =4786 ¥,
[x1 } ]
g .03 A = o,, as
S /50 200 300 400 500 &00 i% 50 200 - 300 400 500 600
5 V,L, (fi-ft/sec.) VL, (fi-fifsec)

Fi5. 9.—Resistance and shape coefficient for long model, bare hull, at F16. 10.—Resistance and shape coefficlent for short model, bare hull, at
0° pitch and 0° yaw 0° pitch and 0° yaw

The disk ratio and shape coefficient, as found at 40 miles an hour, are given for these two
bare hulls and some carlier ones in the following table. The drag of a hull’s major section,
normally exposed as a thin disk, is taken as 0. 00283 SV pounds at V miles an hour, and the
ratio of this force to the actual head-on drag of the hull is called the “‘disk ratio.”

Comparison of tarious bare hulls

F.bape goe'tﬂcient
Aodel Disk ratio R

= pVelyAve

Short Shenanhoah. . ___________ 10. 51 0. 03122
Long Shenandosh.___________________ 10. 16 . 03077

feh B o e 15. 4 . 03090
B. P e 17.2 . 02032
Celass_ e 16.9 . 02872

FORCES FOR VARIOUS ADJUSTMENTS

Tables IV to XV, inclusive, give, for numerous settings, the lift, drag, and side drag on the
models, at 40 miles an hour, measured parallel to the axes of the tunnel and balance. Tables
XVI to XXTIT give the X, Y, Z forces thence derived by simple analysis. Figures 11 to 18
contain plots of the ¥, Z forces against angles of pitch and yaw. The X force is too nearly
constant from model to model to justify plotting. Figures 14 and 18 show that the forces
on the long hull can be closely estimated from the measured forces found with the short hull,
thus obviating the need for repeating with the Iong hull many of the tests first made on the
short one. In this estimate it is assumed that any air force increment due to adding the midship
segment is the same when the hulls are bare as when. furnished with either type of control.
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F10. 11.—Y force for long model with controls Noa. 1ta 5. Igodel at 0° pltch

evators neutral. Alr spesd 40 M. P.

Angle of yaw, ¥

F16. 12— fores for long model with controls No 0. Model at 0° pitch and
élevators neutral. Ajr speed 40 M.
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F16. 18.—Y force for short model with controls No. 6. Model at (° pitoh and
elevators neutral, Alr speed 40 M. P. H.

Angle of yaw, ¥

Fre. 14. —Compe.rlson of tested and computed ¥ toree Mﬁdcl at 0° pitehend

elevators neutral.

Alr speed 40 M.
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Angle of pitch, 8 Angle of pitch, 8 :

Fi6. 15.—Z foree for long model with controls No. 1 te 5. Model st 6° F1a. 16—Z force for long model with controls No. 6. Model at 0°
yaw and rudders nentral. Alr speed 40 M. P. H. yaw aud rudders neutral. Afr apeed 40 M. P. H.

l_____'_ih J, JL ] 8
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— e ey -l VA | Short model with No.5 R
T 6 - cenirols as fesfed ———— ¢ / Os 0.9
o 1, RO~ |__Laong madel with Ma.5 /]
) o a=é,= 0° W N confrols as fested ————— V4
s b w =t )% ’;’ (‘\ Q.4 /;'
< o= «=+20°| YL | &
. i ] ¥
:’é 1> //ﬁf\ﬂ\\ g 5 /// /V
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é_ P, 1 = L~
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Ea -2 bared
Aull |
-8 1< L7
\ / 4
=4 zZ
Laong bare hulf
—1§5 2% -g8° —4° a° g 8° 12° 76° —-/8* —fz° -8 —«4° o 4 & 2° /8
Angle of pitch, 8 -Angle of pifch, 8
Fi16. 17.—7 force for short model with controls No. ﬁ Model at 0* F16. 18.—Comparison of tested and computed Z forcs. Model at 0°
yaw and ruadders neutral. Alir speed 40 M. P. H. yaw and rudders neutral. Ailr speed 40 M. P. H.

MOMENTS FOR VARIOUS ADJUSTMENTS

Tables XXIV to XXX, inclusive, give the pitching and yawing moments, at 40 miles an
hour, for the manifold conditions therein specified. Figures 19 to 25 contain plots of these
moments against angles of pitch and yaw. Figures 22 and 26 show that the moments on the
long model can be accurately estimated from measurements with the short one.

In this estimate the distance of the control force from the center of buoyancy of the short
hull is. computed as A{/AZ, where A1/, AZ are the increments of moment and force due to
addmg either type of control. This distance plus helf the length of the midship segment
is the-arm of the control surface of the long hull. The product of this arm by the force on the
control, plus the moment on the long bare hull, gives the total moment for the hull and control.
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F16. 19.—Pitching mament for long model about C. B. Bare hall and F1o. 20.—Pitching moment l‘or long model sbout C. B. Bare hull and
hull with eontrols Nos. I to 3. Model at 0° yaw and rudders neutral. bull with oontrols No, Model at 0° yaw and rudders neutral.
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FORCES AND MOMENTS AT LARGE ANGLES

Table XXXT gives, for the long hull with No. 5 controls all neutral, the drag, cross-wind
force, and yawing moment in a 80-mile wind, on the model sef at 0° pitch, and at yaw angles of
0° to 90°. 'The values of X, Y, N, derived from these data, are plotted against ¢ in Figure 27.
The vector diagram for this test is given in Figure28. Ttshows that when the model is pivoted
about the Z axis, as & weather vane, it is unstable in yaw at all angles below 70°. It is note-
worthy that X becomes a propulsive force at large angles of attack, as has been observed in
gimilar tests. '
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Fig. 27—X and ¥ forces and yawing moments N tor long © F1e. 20.—Center of pressure travel of long hull with No. § control
model with No. & contro] surfaces, Model at 0° g[tc surfaces. Elevators and rudders neutral. Air speed 30 and 40 M.
Elavators and rudders neutral. Air speed 30 M. P.H .. ..

CENTER OF PRESSURE

Figure 29 delineates the center of pressure in yaw for the data in Tables XXXI, XX,
XXIX, also the center of pressure in pitch for the data in Tables XXII, XXV. As the yaw
angle falls below 10°, the center of pressure runs rapldly forward, and travels even beyond
the nose of the hull, The same effect is not observed in pitch because the fins are adjusted
to give a negative_ pitching moment at zero pitch.

The forward travel of the center of pressure at small angles of yaw is further illustrated
by Figure 30, giving the line of resultant air force on the long hull with Nos. 8 and 4 controls.

364" !
Lot - -
— —~
7/ ] —
-
s H |
|~ S <
/éér 1/ P é D
o ‘ { \ X Axis | - 8
R I X Axis—
5= = 3
4/ ]
30 § Hull with No.3
- 6’ 4 . Airspeed: conlfrol surfaces
‘:D‘ 9, 30 H—— - _—
>~ & o . 40 9  —
%z S Hull with No 4
rom Ok il o 1 _ control surfaces
© FYRRB - o
FIG 28—L£na of resultant afr force on long hull with No. 5 con- F16. 30.—Lino of resultant air force on long hull with Nos. 3 and
Model at 0° pitch. Elevators and rudders neutral. 4 copirols. Model atO" plteh. Elevator sand rudders neutral,
Bca.le of model 1120 slze Alrspeed 40 M. . Beale of model 1120 full slzo .

COEFFICIENTS OF DAMPING MOMENT

Tables XXXII to XXXIV give the data and derived values for finding the damping coefli- |

cient, and Table XXXV the net damping coefficient itself, for the long hull, first bare then
with controls 1, 2, 8, 4, 6A, 6. In Figure 32 these net values are plotted against speed, giving
straight-line diagrams, as usual.

The logarithmic decrement, )\, used in computmg the damping coefficients, was computed
from faired plots of the oscillation data, made in pencll for all the tests, during the individual
runs. Some typical plots on semilog paper are shown in Figure 31.

The structure and theory of the aerodynamic oscillator used in these tests are well known,

hence the method of finding the coefficient, u, of da,mpmg moment in the present work is
omitted.
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STABILITY CRITERIA

By (13), Report No. 212 of the National Advisory Committee for Aeronautics, an airship
is stable in yaw if

ok Y,
a N > L e e (1)

where all the symbols but @ refer to the model conventionally. Following the earlier usage
in serodynamics, one may write a=s*/m, where s is the scale ratio of airship to model, and m is
the natural mass of the ship.

In the present case a=120%/5427=318.4, the denominator being slugs. The working yaw
criterion then is

3184 Z f\,‘ Y )

and gives for the full-scale hull the values listed in Table XXXVI.

The last column indicates that the airship is suffieiently stable with some of the types of
controls, notably 3, 4. For experience with this kind of craft teaches that satisfactory stablhty
may be expected when the yaw criterion here used somewhat exceeds 1/3.2

Report No. 212, National Advisory Committee for Aeronautics, derives @ in the form
a@=g*mn, where n is a constant peculiar to the model. For motion at small angles in yaw it
appears that for this model n is less than 34, and hence that the values of the criterion in the
last column of Table XXXVI should be at least doubled. The value n=1 was used in com-
puting this table merely to make the values of the criterion directly comparable to those given
in other publications, such as the one here cited. On the other hand, if one takes m=1.5x
natural mass of the airship, and n =34, the value of @ becomes ¢ greater; and the given criteria
must be increased by that amount.

* British R. & M. (new serfes) No. 361, p.61.
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CONCLUSION

It is believed the designing staff, which initiated the program for the present measure-
ments, will not require a detailed discussion of the data and diagrams, since these are of familiar
form and very numerous. The stability criterion, presented in somewhat novel form in Table
XXXVI, is derived and discussed in Report No. 212, National Advisory Committee for Aero-
nautics. If the numerical equations of motion for one or more of the present airship types
be required, they can be developed subsequently in such fullness as may seem necessary.

TABLEI - = .. . . I - L
AREA OF MODEL CONTROL SURFACES
{In squsre inches]
Number of control surface
Control member [
lor3 | 3or4 5 [N 6B 8C D
Horfzontal fn.. oo Q59 10. 80 1144 12,16 12.156 12.16 1215
Elevator for horizontal ins. 2.8 3.3 472 L83 18 2,01 3.01
Top vertical fin......... Q.59 10. 89 11.80 12.40 12,40 12. 40 12. 40
Rudder for top vertical fin.. 2.868 .34 272 1.83 2,18 2,61 3.01
Bottom vertical in....oovoeswananaaa- 4.80 7.20 643 6.85 6.86 8.85 6.85
Rudder for bottom vertlcal fin. oo ooocimee ol L78 L85 187 1,28 155 | 1.84 2,12 h
1 —
Norz: Ratio model to full slze=1:120. )
1 8q. In. on model=100 8q. ft. on full size.
=0.29 5q. meters on full size. . TABLE III
a : —— - -SHAPE COEFFICIENT AND CORRESPOND-
TABLE IT o ING VALUES OF VL
RESISTANCE OF BARE HULL AND BULL WITH CONTROLS NOS.1TOS& -[Symbols defined below]
Displace- | Corre-| Displace- | Corre-| Resist- _| Besist- : Bha,
Alr r&ent O%ulo spg;d- r&ent ((iigle spgéd- ancé g]f %efg dancttao thofat.l Alr s coefﬂco.: ¢ WL YL
mode! mo mod ue H speed
speed | 41 four | resist- | and two resist- | withont %r‘;';}g pressure ':i’::' 2R (fe.fe.fsee.} | (ft.mi/hr.)
wires ance | wires ance | Wires drop [T e(Va AT
Bare hull, long model - ! Bare hull, long model
M,P.H. Inches [Pounds| Inches |Pounds| Pounds |Pounds| Pounds |Pounds M. P H.
20 0.310 | 0.054 0.200 | 0.051 0.048 0 0.006 | 0.042 20 0. 03442 165.0 112.8
30 .05 | 118 .615 | .108 .101 0 .013 | .088 30 . 03205 MU T 169.0
40 L1156 | .196 1.040 184 172 0 022 . 150, 40 . 03077 830.0 2281
50 L85 | .207 1,580 | .378 .25 —.001] .082 | .228 50 . 02004 412.8 9818
60 2,358 414 2.216 . 388 .362 -, 002 044 320 60 . 02017 405. 4 337.9
Bare hull, short model . Bare hull, short model
20 0.298 | 0.081 0.278 ] 0.048 0.045 0 0.006 | 0.039 20 0. 03335 157.1 1071
30 . 685 . 110 .8p4 .108 Ogg 0 .012 .084 30 .03218 288.7 166, 7
40 1.090 . 189 LOi7 A7 1 0 .020 . 145 40 .03122 314.2 214.3
50 1. 658 . 287 1, 8556 269 <251 —.00] .030 . 50 . 08062 392, ¢ 267.8
) 23% | . 218 | 378 l s | - o4 | oan4 80 £ 0300 4715 2104
ggﬁgﬁl L odal hull with control surface at 40 M. P H T Contral Long model bull with control sur-
Ko Long my control s SEE surface No. face at 40 M. P. H.
1 1.143 | 0.208 Lo74 | 0.104 0.183 0 0.022 | 0.160 1 0. 03260 830.0 225.1
2 1139 .206 L 070 104 .182 0 022 160 2 . 03260 830.0 225.1
3 1.155 | .209 1.088 | .107 . 185 0 .023 | ,163 3 , 03321 330.0 225, 1
4 1150 | .200 1086 | .197 186 0 022 | 168 4 . 03321 330.0 225, 1
5 1120 | .200 1057 | .197 . 185 0 S22 163 5 . 03321 830.0 226. 1
Short model hull with control surface at 46 M. P. H. Short model hull with control surfaceat 400 M. P.H.
1 1182 | 0.201 1004 | 0,189 0.177 [} 0.020 | Q.157 1 (. 03381 314.2 214.3
2 L1119 +200 1052 .188 176 4] .20 . 158 3 . 03340 314.2 214.3
3 1.140 204 1.078 .192 180 /] .020 . 160 3 . 03425 314.2 214. 8
4 1135 . 204 1.069 .192 . 180 0 .020 7| .160 4 . (03425 314.2 214.3
5 1110 . 208 1045 .198 . 181 0 .020 .161 5 . 03445 314.2 214.3
- e — e e
R=Resistance of model In pounds. VimAlr speed in feet per second

L=Length of modet in feet. V= Air speed in miles per hour.
Vol.=Volume of model in cubic feet. o= Alr density=.00287 slugs per cuble foot.
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TABLE IV

[Model at 0° yaw and rudders neutral Alr speed, 40 miles per hour]

ATB FORCES, MOMENTS, AND DAMPING ON MODEL OF FLEET AIRSHIP SHENANDOAH .

NET MEASURED LIFT IN POUNDS FOR BARE HULLS AND HULLS WITH CONTROL SURFACES NOS.1TO §
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TABLE VI <

NET MEASURED LIFT IN POUNDS FOR BARE HULLS AND HULLS WITH CONTROL SURFACES NOS. 1 TO §
[Model at 0° pitch and elevators neutral. Alrapeed, 40 miles per hour]

Long hull with control No. — : Long hull,
Rudder Angle of ; . Short b Long hull,| control
MR | e e - B | B | ot
0. 0. compilf
1 3 . 3 4 from short
-~
Degrees Degrees .
1] 40 0. 001 40,013 +40.013 4-0.019 40.017 +40. 020 +-0.019 +0. 020
2 +. 001 4. 002 . 013 -+. 010 +.019 I Q18 +. 021 i 019 +.021
o K . 001 =+. 001 . 04 . 011 4. 020 . 018 +.020 . 021 . 020 :
7 . 001 0 . (112 . 010 I [17:4] +. 019 :l: 021 4. 020 . 021
:llg -|6 0oL g 013 +.010 . (21 + 017 (Ul -+ 020 qut}
—~10 - +.021
-7 +. 020
—4 022 e —
+10 3 ; 00
2 -, 021
4023 |
7 N1y ) I PO
+10 . 019
~10 +.013 +.010 +. 0190 +.017 . 010 . 020 . i 019
=7 . (11 . 012 +.020 +.018 . 019 :t 020 . 019
—4 . 013 . 012 +.020 017 . 021 . 021 . (21
-2 . 011 4. 011 +:020 . 017 . 021 . 021 . Qa1
+15 1] . 012 012 . 031 +.018 . 019 . 021 , 018
+2 - . 013 . 011 021 018 . 020 . (020 . 020
+4 . 012 +-.011 . 020 . 017 . 020 < 018 . (20
+7 . 013 +.012 +.021 . 017 . 018 -, 020 ~4-.018
-+10 . 012 -+.011 +.020 +.017 +.013 . 020 - 018
TABLE VII ..

NET MEASURED LIFT FOR SHORT MODEL AND COMPUTED LIFT IN POUNDS FOR LONG MODEL WITH NO. 6
CONTROL SURFACES

[’ odel at ¢° pitch and elevators noutral. Air speed, 40 miles per hour]

Bhort or long hull with control No. —

Rutdder Angle of po i

setting W 0.

(4 y:' without
elevators 6A 6B 60 6D

Degrees Degrees

020

+10 0

28
o=

.08 +.018 -+. 021

28

22222
++
B
T
88
_'_'_
8

g8
o

22
1

+20 “+.a19 +. 019 +. 021

R R

g888

+.08 |TE0 T o0
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TABLE VIII

NET MEASURED DRAG IN POUNDS FOR BARE HULLS AND HULLS WITH CONTROL SURFACES NOS.1T0 5
[Model at 0° yaw and rudders neairal. Afr speed, 40 miles per hourf

. Long hull with control No.— Long hatt,
Elevator e of short h hi control
sty | “PRes’ | Lome | Sbeet - el s Sl B
& ’ 1 Py 3 4 No.5 No ] eomp&tgg
Degress Degrees
1} 0. 148 0.144 G 1 0. 157 0. 160 0.1589 0.158 0.160 0.135
2 145 <145 159 . 158 162 .159 187 .160 .158
0 4 .147 .47 165 165 169 .165 182 .165 .164
+7 . 158 . 153 197 194 <204 - 200 .185 . 190 . 168
+10 .188 . , . 273 . . . .260
+15 .21 261
-10 |- .218
-7 174
—4 .161
—2 - .161
+10 K [ . .162
+2 . 168
+4 176
o (S .
+10 * «280
-10 230 . 224 .230 .16 . 208 23 .22
-7 178 176 187 178 . 165 175 . 168
—4 . .162 170 170 .162 .165 . 164
-2 .163 . 162 170 <171 .161 . 165 o 1
+15 K 0 . 164 .163 174 =178 -161 .168 .161
2 .178 .169 . 189 . . 187 . 165 171 M
..................... —- .183 . 183 216 200 . I . 1
.81 .219 .266 <281 .27 . 217 .220
+10 - 285 . 284 . .321 . . .
TABLE IX

NET MEASURED DRAG FOR SHORT MODEL AND COMPUTED DRAG IN POUNDS FOR LONG MODEL WITE NO. ¢
CONTROL SURFACES

[Model at 0° yaw and rudders nectral. Airspeed, 40 miles per hour]

Flog No. 8 (ith- | Control No.6A | ControlNo.6B | ControlNo.6O | Control No.6D
Elevatar Angleof| rudders) on on— on— on— on—

satting pitch ¢

ort hullLong hullShert hul Long hullShort kul{Long hulljShort hullLons halllShort hullLong hall
Degrees } Degrees

70 | oss | o1ss | o5 | o1es | o1ss | o | oss | oiss | 0155 | 0185

2| cwe | .ier | L6 | .wr | .uwr | .18 | .| .| .e | .1m

0 we | i | ties | tier | ‘i [ (o | ‘e | lm | Jws |

7| | - 1 200 [ s | tms | lamw | lms | lms | lms

10 | ms | lamr | o8 | lmo | lmm | lz | | w2 | (e

+15 | a3 | ! a0 [l |l s | lwe | lwo | Tt | li0

-15 e | o : am | a9 | lams| a2 | lam

-0 20 | lza | ms | me | 20| m4| ‘a8 | l2m

-7 m | | m | ‘s s | m | s | s

— w0 | e | | e | me | | -163

22 : : : e | e | T3 T

0 [ o el | im | lss | me| | lmw | e

+2 .162 » 163 .164 - 165 .164 . 165 . 168 . 170

‘ws | lm | ‘ms | r s | s | s

+7 ar | lme | lms | - -3 S 2 | 28

10 | m | m | it 2 00 [ lam

| 11 o | lase | Cass | hmm | w8 | it | e | lass

=15 ek | lass | e | - us |- m8 |

-10 218 | lmo | lme | ms | 2w law | mo | a4

-7 ws | Gm | ms | am | ol X w0 | s

— e | Cies | s | o | e | lies | .15 | o7

-2 e | e | e | Bt : e | 1165

+20 0 e | liea | T | ies | ies | lies | 18 | lie6

+2 e | e | m| m| m| m| m| m

|l ‘8¢ | lme | e | 14 | . ‘2

2o | o B | lme | s | lau | lm | law

+10 : e | e | Tam | lam | am | (mo | lau

R - U S 2 B : s | s | lsss | Tms | b
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TABLE X

NET MEASURED DRAG IN POUNDS FOR BARE HULLS AND HULLS WITH CONTROL SURFACES NOB.1TO §
[Model at 0° pitch and elevators neutral. Air speed, 40 miles per hour

. Long hull with control No.— Short Laong hull, Lonxul':
Rudder | Angleof | Long bare | Short bare : J tgfn’— oo
detting b YEW ¥ hull bl B ean e&ntrol No. ged
1 2 3 4 No. 0. § compu
J from short
i
Degrees Degrees +
0 Q. 146 0.144 0.168 0. 167 D. 160 0.160 0.156 0. 160 0. 158
+2 . 146 . 145 . .18 .188 161 .160 . 187 .101 188
0 . 147 147 .160 .162 164 .168 ..161 .1 .163
T 156 158 . 188 .188 108 . 185 .182 o1 . 188
+10 188 184 238 234 .250 24 381 . 240 .
416 .2n . 263 : :
~10 . : i B e -
-7 s 178
: —4 - = . 163
i -2 : - .16l
+10 0 . ..162
: +2 : - .164
7 = $1:
+10 . 250
-10 07 .29 %l 221 N8 . 222
-7 .17 .17 188 178 .1 .178 180
—4 . .16l .. 170 170 163 165 .166
—2 -« 162 .161 . 169 . 170 . 160 . 165 .161
+15 0 84 . 163 _Jn L172 159 L1684 159
+2 174 e Tiie an .18 L1688 .162
+4 178 T 191 .192 170 . 178 17
+7 213 . 208 .231 227 . 208
+10 . . 260 . 208 . 264 .262
TABLE XTI

NET MEASURED DRAG FOR SHORT MODEL AND COMPUTED DRAG IN POUNDS FOR LONG MODEL WITH NO ¢
ONTROL SURFACE

[Model at 0° plitch and elevators neutral, Alr speed, 40 miles per hour]

T eovatomsos | Control No. 64 Control No. 6C | Control No. 6D
Rudder | Angleo! | . yndders) on— on— on— on—
setting yaw |- ] 3
S ¥ - : .
Bhort hulll Long hulk;Short hulll Long hull|Short hull Long hul){Short hulIJLong hulliShert hull| Long bu
Degrees | Degrees .
0 0. 1656 0. 155 0. 165 0. 155 0. 156 0. 166 0.155 | 0.158 0. 1588 0. 186
ﬁ . 1856 .15 .168 157 18T . 188 . 168 .160 .159 .160
0 1 .160 .15 L1681 .162 L6 .165 167 167 169
+7 178 .18 <182 .185 .188 180 .10 104 .1088 . 188
+10 221 223 231 .285 <289 M1 <240 . 244 248 252
+18 o - 388 .87 . 384 .380 . 389 . 386 o404 -410 <410 416
-15 .362. .368 . 300 . 368 . 364 370 . 367 378
—10 ; .218 .2320 - 214 .28 214 . 218 212 218
=7 . 178 .182 .178 .181 178 .181 179 .182
—4 .162 .164 .162 L1684 .161 .163 L1638 1. .166
. -2 - . 160 <161 .158 159 .158 169 L1590 .160
+10 [ .100 160 .15 169 . 169 . 159 .160 .160
2 .181 . 162 .168 .164 . 168 164 .163 .164
4 .170 .172 .170 .172 178 17 AT .178
195 .18 i) <200 .34 A7 . 219 . 222
. 251 258 260 . . 209 278 . 281 285
400 418 425 431 «436 442 443 .448
. 363 . 360 351 357 .32 s .332 . 338
- . 228 4 .218 <214 .28 210 220
AT7 .180 177 . 178 . 179 .182
.162 164 160 .162 .168 165 .163 .166
.160 .161 159 160 .162 ! .163 184
+20 .160 .160 161 161 .168 163 .164 104
«162 -163 <169 .170 -174 L1758 177 178
:172 .174 .182 L184 L1981 . 193 . 199 <201
. 28 .223 .22 . 287 . 240 251 25
272 -200 .24 .310 L8314 328 (. .332
431 . .481 . 467 .478 484 494 . 500
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TABLE XTI -

NET MEASURED CROSS-WIND FORCE IN POUNDS FOR BARE HULLS AND BEULLS WITH CONTROLBURFACESNOS.1TOS -
[Model at 0° yaw and rudders nentral. Air speed, 40 miles per hour}

Elevator ot Long hull with control No— Short hutl, | Long hal, Ioonsmllmlg, . =
eva e . : ng eon X -
setting pftch Lo%gulﬁere Sha}gtunbm control control com-
3 [ . No.§ No.§ pated from
1 2 3 4 short -
| -0 .
Degrees Degrees . : )
¢ [} ] —0. 001 14 —{.001L 0 0 —0.001 0. 002 -0, 001
+2 -~ 001 —. 002 —.00L [}] —, 001 [ —. 001 +. 004 —: 00X
] +4 —.00L - ~.00L -—. 001 —. 001 —~.002 0 +-.002 L]
+7 —. 001 0 0 - —. 003 —. 003 —. 001 +. 00 -—. 001 -
10 —. 001 0 1] —. 00L —. 001 0 ~. 002 -+ 001 —. 002 -
156 0 1} - g
—10 . —. 001 -
-7 —. 001 T —
—1 - -+. 001 =
~2 —- 0 -z
+10 o +-.002 s
2 [ [} .
A — 0 —
7 +.001 ——
\ +10 1 ———
—10 —. 00L - —. 002 —.00L —. 001 a -
~3 —.001 - —.001 —.003 —.001 0 -
—4 +. 001 - ~ 002 —. 001 —. 001 [
-3 +. 002 +-.001 -+.001 + [10)] -—.001 -+-.001
+15 . 0 +.002 —. 001 -, 001 +.001 +.005
+2 ¥ 4-.001 —. 001 0 +. 001 1] i. 005 . -
+4 4. 001 —. 002 -+.001 —. 001 Q . 004
+7 —. 002 —.002 —.00L —.002 —. 001 i 001
Il +10 - “—.001 -~ —.001 — 002 - . oot
TABLE XIIT
NET MEASURED CROSS-WIND FORCE FOR SHORT MODEL AND COMPUTED CROSS-WIND FORCE IN POUNDS
FOR LONG MODEL WITH NO. 6 CONTROL BURFACES —
[Model at 0° yaw and rudders neutral. Afrspeed, 40 miles per hour] i : B
Short or Short or long bull with control No. — —
1:% hull - . .
ttlntg teh.Of Ni ﬂclfs ' : - —
se pite] (2 . . : i
é ¢ ) yuhoat | gy 6B 6c 6D fros
or rudders H .
4 Doz
Degrees Degrees . ' =
+g —~0.002 g —0. 001 —0. 002 0. 001 : LT
- ¢ -
0 +4 —.003 - —.002 - .
7 0 —. 004 —.001
- +10 001 —.001 —002
X - 415 —02 | —.002 — 008 o ) . ]
- —15 : - —.002 —.002 +.002 . R t
—10 ~.008 — B
-7 —002 :
—g : -~ 003 < i
10 ¥ S04z x ~. 001 +.001 — 004 +.002 G _
+2 ~.002 -« i . —
+4 T o~001 HE : o
+7 - t ; .
- +10 ~002 : - 5 i -
+15 ~.003 = +.002 +. 001 4 . —
—15 -.002 - —. 005 +.002" " t —
—10 - ~. 003 : !
-7 - . _ + : i -
—4 - . : T
1 -2 - 002 M : _ .
+20 Q . 002 —. 001 — 002 +.0b2 N -
: EREN ~. 004 - 3 L i
1 +4 — N ! . : - :
- 1 +7 =003 . i 1
10 - ~2002 < : x ; i -—
3 18 — =, 001 —003_|.. .00 A .
P
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NET MEASURED CROSS-WIND FORCE IN POUND%‘T tr%-‘501?1. 'géf}ﬂ HULLS AND HULLS WITH CONTROL SURFACES

REPORT NATIONAL ADVISORY COMMTITTEE FOR AERONAUTICS

TABLE XIV

[Model at 0° pltch and elevators neutral. Alir speed, 40 miles per hour]

Long hull with control No.— Long hull,
Rudder Angle of 8hort bull, | Long hull, | control
sotting yaw Lo%guﬁar e Shog‘tﬂtl)are control control No. 5,
& ¢ 1 2 3 L 4 No. 5 No. 5 computed
from short
Degrees i
+0. 002 -0.002 —0. 003 40, 003 —0.002
—. 059 - 082 —. 073 —. 088 — 047
0 —.136 -, 112 —. 166 —. 140 —. 116
—. 75 —. 244 —, 342 —. 308 —. 244
—. 458 —. 434 —. 548 . 522 —. 4562
P - e
+10
. [ 11 I -
—10 - . 345 -+. 320 +340 . 346 +.370
-7 - :t 160 L4158 +-. 157 +. 167 +. 167
—4 . 029 -+ 035 004 —. 011 +. 044 .
—~2 .=~ 037 —.028 —. 07 —. 081 - 017 —. 019 - 016
+15 [ 1 I —. 080 —. 067 132 —. 114 —. 067 -, 008 — 087
+2 —. 143 —. 114 ~. 201 —. 179 - 12 —. 128 - 124
+4 —222 —. 182 - —. 268 —. 201 —. 200 —. 204
+T7 —. 363 —. 321 481 ~.431 —. 348 -, 363 —. 35
L [ o {2 I —. 565 —. 513 —. 684 —. 650 —. 5563 —. 576 -, 560
TABLE XV

NET MEASURED CROSS-WIND FOROE FOR SHORT MODEL AND COMPUTED CROSS-WIND FORCE IN POUNDS FOR

ONG MODEL WITH NO. 6§ CONTROL SURFACES
{Model at 0° pitch and elevatora neutral, Afr speed, 40 miles per hour]

/A
Fins Mo 8 (WIhoul! Gontrol No. 6A | ‘Conirol No. 6B | Control No. 6C | Control No, 6D
elovatora or rud-| g fia i
Rudder | Angle dees) on— on on— on on
setting | of gsw
i |
Short hull{Long hulljShort bull{Long halljSkort bull Long halljShort hallLong hull Short hul} Long bl
|
Degrees
+0.002 | +0.03 | +0.00 | +0.001 | +0.008 | +0.008 | +e.001 | +0.001
— 048 | —.040 | a7 | 048 | —0s0 [ —.051 | —.049 | —.080
0 a4 | -7 |y | =0 | s | -8 | -7 [~
—341 | —252 | — 248 | —.387 | —261 | —.%62 | —.255 | —.28
s | 152 | —am | —lam0 | a9 | —a78 | —406 | —%
—860 | —.847 | —.885 | —.862 | —.900 | —87 | —.91
THe | T | vugs | e | s | s | v
419 | 30| 4306 | fo300 | iave | dozu | Foaeo
+.208 | .87 | Fie8 | 47 | 88 | s | Foum
4073 | Hosd | 4i0s2 | hio4s | o4 | o | Floee
+.002 | —.0l | —.010 | ~.016 | ~.05 | —04 | —.0B
+10 —0s0 | —oo8 | —os8 | los7 | —oo7 | — -
~096 | —108 | -9 | —m8 [.—ue | —moe | -2
—160 | —180 | —183 | —201 | — 104 | — —~. 208
—.328 | —388 | —37 | —351 | —.302 | — —378
—543 | — 088 | —560 | —.504 | —.580 | —. —. 50
—964 | —o45 | —og7 | —v62 |—r000 | — 83 | —Loz
£ | 708 | 4748 | foera | 4710 | e | fe74
+308 | +.320 | .38 | Jaws | - +.m |+
+.162 | 8z | fus | Fuz | o ) ooes | les
+.025 | —.000 | +.002 | —.o18 | —loi0 | —.029 | —028
—040 | —081 | —.080 | —.078 | —or7 | —002 | —81
+20 —007 | — 13 | -2 | -3 | 128 | —344 | =144
—asi | —163 | —te [ —18s | 184 | —1e7 | —lae
- 22 |~ —.258 | —261 | —. 36 | —.2m0
I I Y —dzs | —li37 | s | —lim
—616 | —o21 | —.e8r | —oas | —eer | ez | —om
—LO45 | ~L022 | -1.080 | ~L040 | ~1.087 | ~10E7 | —1.108
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TABLE XVI

X FORCE IN POUNDS FOR BARE HULLS AND HULLS WITH CONTROL SURFACES NOS.1TO &
[Model at ° yaw and rudders neuiral. Afrspeasd, 40 miles per hour]

Long hull with control No. — Long hull,
Elevator | Angleof Short hall, | Long hull,{ control
satiing piteh I‘“%ﬂfm Bhoﬁ]!{ue control | control No. 5,
. e 1 2 3 4 No.§ No.5 computed
from short
Degrees Degrees
. 0 0.146 0.144 0.158 0. 157 0.160 0.159 0.155 .0.160 0.158
12 .1 143 156 . 156 - 158 1585 . 154 . 157 154
0 44 141 142 -152 . 154 - -151 . 151 154 <152
-7 .134 . . 152 . 156 .153 . 149 154 . 149 . 158
+10 -134 . . 147 .158 . 166 .148 .15 . 154 . 161
{  +15 115 17 "
-10 ! . 145
: -7 ] 149
i —4 ] ! . 157
+10 | -3 ; %]
1 : ' 3
+7 J .162
+10 . 168
~10 150 - 159 .162 .158 141 147 . 143
-7 .155 J154 ! .185 .16t 148 154 L1485
—4 .161 . 162 171 174 .1€0 .163 .161
-2 .188 .163 174 .176 .163 .168 .163
+15 0 <164 . 163 LI 175 .163 .166 .163
+2 .168 .163 SET . 176 . 158 164 .158
I4 -164 .167 - .181 .160 .162 -161
14 .170 .168 .101 . 187 . 162 .160 . 164
|  +w0 N .18 173 - .188 - 167 LIt .15
TABLE XVH
X FORCE IN POUNDS FOR HULLS WITH NO. 6 CONTROL 8GRFACES
[Model at 0* yaw and rudders neutral. Alr speed, 40 mfles per honr]
Fins No. 8 (vith- | Control No. 64 | Control No. 68 | Control No. 6C | Control No. 6D
Eltgg. (3 rudders) on— on— on— on— on—
set;lnz pl:ch
. Short Lomn Bhort Short Lon; Short
i ] O e S, o e B o e
Degrees | Degrees
[ 0 0.155 0. 155 0. 156 0. 155 0. 155 0. 1556 0. 155 0.155 0,155 0. 155
+2 . 153 . .183 . . 154 154 154 . 154 . 188 158
0 +4 . 150 151 . 154 .185 167 188 .158 . 150 . 168 164
+7 <147 Il 187 159 X . 164 .168 170 173 178
+10 . 145 348 .162 164 . 170 -172 .178 176 178 .181
+15 .143 . 148 .158 . 161 .165 . 168 . 169 172 174 377
—15 148 .149 151 .1 154 187 161 164
-16 144 146 . 145 147 . 148 . 150 . 149 .15
-7 147 . 149 181 153 152 . 154 157 <15
—4 -156 <167 .154 . 155 157 . 158 157 .158
. -2 . 158 . 158 160 .15 . 160 .160 .162 . 162
+10 K 0 . 158 .158 . 157 . 1587 . 159 . 150 . 161 .161
+2 157 157 .158 L1688 .168 .158 .163 .163
14 .15 .160 .158 . 159 - 150 .160 .162 .163
7 ! .160 .164 .166 - 168 .168 .168 . 170
+10 fomoao- .163 .165 . 167 .160 178 .178 179 .181
+15 <1 .162 17 174 178 .181 186 - 187
—15 .152 158 .156 150 .158 150 . 155 .158
—10 .152 <154 . 166 - . 185 - 157 . 185 <157
-~7 .163 . 185 . 156 . 158 . 162 - 164 .160 .162
—4 .163 164 . 169 .1 166 . 167 171 . 172
-2 -1658 .165 161 <161 . 167 ..167 .168 -168
+20 1] J164 - 164 . 163 .1 . 168 .166 164 164
2 . I .160 .15 .163 . 164 . 164 164 164
. 156 . 157 .163 . 164 .168 -170 178 .176
7 . 161 .163 .1 I 178 178 . 186 .188
+10 172 174 YT 179 .192 194 . 190 .01
+15 .168 JITL 179 . 182 194 107 . 206 . 209
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TABLE XVIII ) - e

X FOROE IN POUNDS FOR BARE HULLS AND HULLS WITH CONTROL BURFACES NOS. 1 TO &
[Model at 0° pitch and elevators neutral. Alr speed, 40 miles per hour] "

i L GErT o o e RO - - .|
Long hull with control No.— Long hull,
Budder Angle of Long Short . Short hull, | Long hull, | control No.
setting yaw bare bare i control control &, com-
& hull hull . - No. § No. 5 puted rom
1 2 N 4 short
T i
Degrees Degrees .
i 0 0. 146 Q144 0.158 0. 187 0. 160 Q. 160 0. 155
] L144 . 148 . 168 156 .158 1 . 156
0 141 . 142 . 150 . 1568 152 158 .158
7 132 . 148 L1582 . 1566 . 146 . 161
+10 .134 .133 .150 . 1558 151 ! . 149
+15 118 117
—-10
-7
—4
JTTRY o
+2 =
+4
-+7
+10
—10 154 | . 150 . 168 . 151
-7 . 150 <151 . 156 .1
—4 . 160 188 .170 . 160
-2 y : .163 .162 172 -l
+16 K 0 . 164 . .182 L 172 . 158
+2 HE .180 . 164 . 170 <156
+4 164 . 165 17 . 165
7 . 167 .167 .178 .155
+10 1687 1 N . 180 . 158
H ) ™ T et i i e = e

TABLE XIX

X FORCE IN POUNDS FOR HULLS WITH NO.8 CONTROL SURFACES
[Model at 0° pitch and elevatogs neutral. Alr speed, 40 miles per hour}

P oo | Contral No.6A | Control No.6B | Contral No.6C | Control No. 6D
Rudder | Axngle rudders) on— ~ 1OEmET A
getting | of iaw -
Bhort Lon; Short Lon; Short Long Bhort Lo Short Lo}
. bull | hp]]g _hull | ,hung .| pull hult hult Taf | ok i
Degrees | Degrees .

- 0 0. 155 0. 156 0. 155 0. 155 0. 156 0. 158 0. 156 0. 155 0. 155 0. 155
+2 - 154 <154 <154 c . 154 . 156 . 156 <157 . 157 . . 15¢ . 157
0 150 . 161 L1581 ~152 J18 (- L1565 . 156 . 167 . 158 15
7 . 146 48 | 182 L1546 | . .185 .167 . 160 . 162 . 162 184
=410 . JI145 . 147 . 150 -o 152 . 155 . 1587 <157 . 159 .183 . 185
+15 . 145 148 . 156 159 165 . 188 . 167 170 .168 171
—~15 . M1 . 144 144 . 147 . 153 . 156 .160 . 163
=10 ... .18 . 145 146 |0 147 . 149 .161 140 181

=T oo - 156 . 167 . 154 <158 . .15 .1688 .1

—4 . 156 . 157 <157 <158 . 157 .138 . 180 1
-3 -.160 . 160 . 158 . 158 . 159 . 159 .160 . 160
+10 0 - 187 167 159 . 159 . 158 .160 180
+2 . 158 . 158 159 <159 .15 160 160
+4 .158 . 159 . 167 . 161 .162 .162 +163
+7 .158 .158 160 162 . 160 171 1 175
+10 . 155 187 .159 161 . 166 . 168 177 179

+15 - .156 . . 160 163 171 174 174 1
—~15 . 158 150 . 158 . 156 . 167 . 160

-10 . 157 159 155 . 167 . 150 161 166 .18 |+

-7 |- - . 1568 160 160 .162 .168 . 165 166 Py
~4 . .159 . 160 160 .161 164 185 . 164 . 106
-2 [.i. . .1681 161 <181 . 161 <165 . 168 .166 . 166
+18 K ¢ | 160 160 .161 161 .163 .163 164 164
C 42 158 |° L1668 .163 .163 177 JA77 . 170 .170
:t{ . 157 .158 . 166 . 187 172 .1 . 179 .180
7 CJ156 | 188 . 188 . 185 .183 . 188 . 195 197
- 40 .- .160 162 178 .180 .13 195 207 . 00
- +i5 -o: 188 158 .182 .188 .189 -.201 204

- - T “mrus
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Long hull
control

Bhert hall, | Long hull,

Long hull with control No.—

TABLE XX

[Model at 0° pitch and elevators neutral. Afr speed, 40 miles per hour}

Angle of mehm'ﬂmﬁhm

Y FORCE IN POUNDS FOR BARE HULLS AND HULLS WITE CONTROL SURFACES NOB.1 TO 5

AIR FORCES, MOMENTS, AND DAMPING ON MODEL OF FLEET ATRSHIP SHENANDOAH

Rudder
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R

control
No. 5,
computed

Long hull,
from short

control
No. 8

control

8hort hull,| Long hull,
No. 5

TABLE XXII
Long hull with control No.—

hull

[Model at 0° yaw and rudders neutral. Alr speed, 40 miles per hour]

Long bare | Short bare
hall

REPORT NATIONAL: ADVISORY COMMITTEE FOR AERONAUTICS

Angle of
plt
]

Z FORCE IN POUNDS FOR BARE HULLS AND HULLS WITH CONTROL BURFACES NO8.1 TO 5

Elevator
getting
3
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TABLE XXITV
NET MEASURED PITOHING MOMENT, IN POUND—IN%H(.)%S,IF’gg. 5BARE HULLS AND HULLS WITE CONTROL S8URFACES

[Model at 0° yaw and rudders neniral. Afr speed, 40 miles per hour]

Y.ong hull with control No.— =
Elevator of .
A‘“Fm Long bare | 8hort bare - -
setfing | plich Bull halt g ) i
¢ 1 2 3 4 H —
Degrees Degrees
0 0 ) —0.45. —0.40 —0.90 —0.83 —0.55
+2 +3.47 +2.95 +1.82 +2.29 +1.3¢ +1.88 4238 -—
0 +6.81 -+-5. 95 1&78 +4.61 +2.92 +2.08 +4.76 -
=47 41134 +10.13 5.55 +-6.80 4398 +4.63 47.38 _
+10 +1470 +13.63 +61 +47.81 +3.99 +4.88 +7.36
+15 4-10. 85 +18.20
—-10 —1L34
-7 -—10.00 _
—a —T7.29 -
—2 i , —4.T7 -
+10 0 —2.18
+2 -+. 44
42.79
7 +4.90 _
+10 4542 -
f —Io —-10.71 —12.14 —1L59 —13.19 —12.83
-7 —9.52 —10.64 —~1L 30 —11L 41 —IL22
—4 ~7.64 -T. —0.50 —2.76
-2 —5.76 —5.58 —8.13 —&8.17 —68.25
+15 0 —3.56 -3.27 —6.60 —6.41 —3.46
+2 ~L70 —. 94 =516 —4.91 —.85
+.19 +La -3.83 —3.48 4131
+7 +1.90 +3.80 —2.43 —2.00 +3.
| +w +210 4405 —2.68 —Les | 349
188 for- | 1.78" for- 0817 aft
Axis of moments ward of ward of 0.70" forward of C. B. - i
C. B. 0. B. of C. B. —
TABLE XXV

PITCHING MOMENT IN POUND-FEET FOR BARE HULLS AND HULLS WITH CONTROL SURFACES NOS.1TO § —
[Model at @° yaw and rudders nentral. Moment axis at C. B. Alr speed, 40 miles per hour]

Long hull with control No.— Net meas- Long hull,
E&'ﬁ}t:' Anglaof | Long bare | Shoct bare ured short Loca;g&hgn, N?m?.;_
pltch 0 hull hail hull, con- | SPRERL | D05 Som
1 2 3 4 trol No. 5 P
short
Degrees Degrees —
0 0 Q -0.037 —0.033 —0. —0.042 —0, 045 -0 -
+2 -+0. 205 +4-0. 251 +. 157 -+. 194 - 121 +. 119 +.158 +.186 -+. 196
o +.510 tar | b +. 257 +. . . -
7 -+.975 . 871 1.434 -+. 585 - 357 . 411 -+. 500 . 505 884
10 +L275 +1.182 . 545 +.683 . +. 447 . . 584 -
15 +L 726 +1. 603 -
—1a —. 914
-7 —. 822 -
—4 -
—2 —. 398 -
-+10 ] —. 183
+2 +.030
. 221
2.7 S
+10 +. 418 - _
—10 —. 917 —1.034 - —1.035 -—. 87 —1. 049 —L 049
-7 - —. 898 - 928 - —. 850 —.028 —. 052
-4 —. 638 —. 647 -7 —. 809 - —.712 —. 730
-2 —. 475 - -, 871 —. 673 - - —. 523
+15 i ] —. 200 — 267 -, 538 -, 522 —. 201 —. 295 —. 308
+2 — - —. 414 —. 301 -, 100 ~—. 080 -, 078
+.033 +.126 —. 205 —. 205 -+. 050 4. 004 +.098
+.188 +.290 —. 168 —. 131 +.200 . 359 +.265
+10 —+. +.375 —. 174 —. 087 +.250 . 254 -+.28¢ N
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TABLE XXVI

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

NET MEASURED PITCHING MOMENT FOR SHORT MODEL AND COMPUTED PITCHING MOMENT IN POUND-FEET
FOR LONG MODEL WITH NO. 6 CONTROL SURFACES

IModel at 0° yaw and rudders neutral. Moment axis at C. B. Alr speéd, 40 miles per hour]

Fins No. 8 (without .
elevators or rud- | Confrol No. 6A on— | Control No. 6B on—{ Control No. 6C on— | Contrel No, 6D on—
Elevator Angle of ders) on— .
setting {tch )
3¢ plicn & - - -
Short hull | Long huli B_hott hull { Long hull } 8hort bull | Long hull | Bhort hull | Long hull | 8bort hull | Long hull «
Degrees | Degrees i
i 1] —0. 048 —Q. 048 —(. 054 —0. 087 —0. 054 —0. 057 —Q. 052 —{. 065 052 —0.054
| +2 +. 197 -+.235 +. 148 i 188 I 144 . 181 . 142 =+ 179 . 148 186
0 +4 . 407 +.470 -+, 882 . 393 . 825 873 317 377 . 316 . 376
! +7 . 612 . 701 -+. 516 :l; 508 +.487 +. 678 . 401 . 671 +.483 . 563
| +10 . 695 . 760 1.675 430 :t.b“ . 508 . 535 -+. 539 -+.516 . 560
! +15 +.734 . 804 570 -+. 621 . 5356 . 588 +. 511 +. 561 +. 492 . 538
—-15 —. 918 — 903 -. 930 —=1010 —. 843 —1,028 —. 48 —1.034
-10 —. 887 —. 560 —. 905 —. 980 —. 919 ~, 996 —. 932 —=1L010
-7 — 782 —. 509 —. 818 —. 908 836 —. 034 —. 845 —~. 948
—4 - —. 666 —. 614 - —, 642 —. 721 —. 865 -~ T34
-2 — _— =412 —. 463 —. 438 —, 488 —. 459 —. 512 —. 493 —. 537
+10 0 - — 225 — 232 - — 257 " —.370 —. 287 - 302
ﬁ =017 . 012 — 037 —. 018 —. 073 —. 048 —. 100 —. 076
+. 160 211 +.132 - (83 -+. 067 +.135 . 081 . 106
+7 +.321 . 303 +.273 4+, 343 +.212 +-. 281 . 182 - M7
+10 -+ 858 - 411 +. 34 +. 848 +.250 . 281 . 202 . 240
\ +15 +. 328 -+.375 -+. 261 . 242 +.182 . 217 +. 118 » 141
~15 —1107 | —1204 | —Li%8 | —1.267 | —1208 | —L305 | —L240 | —L341
-10 —1. 044 —1128 —1.087 -L170 —1.183 —1,239 =L1gl —1.280
Bt (N RN SO —g48 —1.050 —~. 995 -1102 ~1. 047 —1,158 -1 082 —1193
bt T (R S, —. 747 —. 881 —-. 782 —. 867 —.844 — 930 —. 801 —. 086
-2 = 550 — 010 |- — 604 —. 668 - -T2l -, 721 -
+20 [} —. 357 —. 378 —. 408 — 429 —. 475 —. 409 —, 526 -
2 - 171 —. 150 —. W5 — 207 —. 810 —. 205 —, 358 -
—_—] =008 - 034 —. 075 —. 036 —. 163 —. 128 — 217 —. 186
T +. 125 . 187 <. 066 + 114 —. @21 +.031 - 117 —.065. .
410 . . 188 4. 073 100 -7 . 007 —. 106 —. 087
L\ 15 -+ 11 . 148 —. (19 + 046 - 117 —. 100 . 196 —. 183
TABLE XXVII
PITCHING MOMENT AT 40 MILES PER HOUR
[Model at 0° pitch and elevators neutral]
Rudd Angle of s ed Axis of net ed Pty
udder 6 0! measur: net measur ] momen
Condition of model setting 8 yow ¢ pitch moment about
' - mormen: C. B.
' Pound- . Pound-
Degrees Degrees inches L85 foi dofC. B feet
orward of J——
0to+15 0 1.78" forward of O, B. 0
—.45 | .70 forward of O —. (38
—. 40 ~. 033
—. 85 —. 058
—10to +10 ° —.59 —. (48
—. 85 —. 054
—. 687 ~-. 058
—. 054
0to+16 —.8 [ AtC. Bceees —. 046
Dto+15 —. 040
V] R
P e L Oto+20 | —15to-+15 .65 |AtC.Boiereiiree| 054
Long hnll, control No. 6BF v :
Shrt Bl comirol 6. o0 '
control No ! = - -
Short hull, contfol No. 6. 0to +20 15 t0 +15 B 40um e At - 032
Long hull, contral No. 6D £. i )

1 Computed from short mddal. -
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TABLE XXVIII
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NET MEASURED YAWING MOMENT IN POUI\T—IN’C%%SB FIO¥OB5ARE HULLS AND HULLS WITH CONTROL SURFACES

[Model at 0° pitch and elevators neutral. Alr speed, 10 miles per hour]

Rudder - TLong hull with control No.—
Angle of | Long bare | Short bare
setting yaw ¥ holl hall -
1 2 3 4 5
Degrees Degrees
0 ] 0 0 1} 0 0 0
+32 +3.47 +2.08 2, 85 ﬁos +3.10 EBG +2.99
[ 44 -+1-6.81 5. 95 83 54 I T4 iﬁ. 68
+T +11. 34 +$10.13 7. 56 +8. 16 +4.15 47.08 8. 81
+10 +1470 -4-13.63 +6.21 +10. 47 +7.13 +7 +10.28
: +15 -+19. 55 +18.20
—10 —11L.78
-7 —10. 00
—¢ —8.98
—2 —4 17
+10 0 -1.38
| +2 +162
} +4 - 44,35
+7 16.73
+10 +7.9%
—10 —11.68 —12.53 —12.2% —12.07 —12.68
-7 —9.69 —10. 52 —10.37 —10. 51 —10.06
—4 ~7.08 -7.28 . —8.19 —8.16 —8.19
-2 —&.08 —&01 —8.48 —6.15 —5.35
+15 0 —2.68 -2.3¢ —£. 40 —3.01 —2.4T7
+2 4. 04 +. 44 —2.41 —-1.72 - 1.5
+4 +2. 5 +2.98 —. 48 +.19 +2.99
+7 -H4.92 +5. 86 +L43 +2.45 -+5.92
410 +46.37 +7.23 +2.13 +3.82 +7. -
L.8g” L78" 0.61 alt
Axis of moments forward | forward 0.70" forward of C. B. ot O.B
. ofC.B. | ofQ.B. - B
TABLE XXIX .
YAWING MOMENT IN POUND-FEET FOR BARE HULLS AND HULLS WITH CONTROL SURFACES NOS.1TO !
[Model at 6° pitch and elevators neutral. Moment axis at C. B. Alr speed, 40 miles per hour]
Long hull with control No. — Net Long hall,
Rudder Angle of measured | Long hull,| con
setting yew | L0og bare | Bhort bare short hull, | contral *| No. 5,
1 2 ¢ control No.5 computed
No. & from short
Degrees Degrees
1] 0 0 0 [ 0 ] 0 0
i 42 +.295 4. 251 +. 225 +.260 +.1%0 4. a7 +4.205 +. 247 4. 247
0! +4 4. 859 .57 +. 410 +. 488 i353 . 404 4400 +.488 | +.466
R -7 +-. 975 -F. 871 +.648 +.721 - 38 . 80¢ +. 634 +.721 +.728
+10 +1.275 41182 -+. 788 -+. 500 +.628 | +.683 +.772 +.81 +.840
+15 +L 726 +1.603 -
-10 —. 961
-7 —_— m .
—4 —.b509 -
-2 -
| +10 § 0 - —. 118
| +2 i 130
i +4 . 354
' +T7 1— 543
L +10 . 63T
—10 —. 05 —L 063 ~1 (42 —1.027 - —1.035
-7 —. 8§18 _ —. 874 —. 868 —.817 —. 9086
—4 -, 590 —. 817 —.633 - -, 617 —. 680
-2 - —. 417 —. 534 —. 541 —. 418 —. 447
+15 0 —. 217 -— —. 359 —.310 - —. 200
, +2 +.012 +.044 —. 189 —. 133 ¢ +. 638
i 4 . 222 +. 250 —. 022 +.032 +.191 +.238
T +.432 . 508 +. 148 +.231 - 387 4. 474
. +10 +. 561 . 634 +.220 +.317 . 50T -}-. 580

['ﬂ'--

i
I

l
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|
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TABLE XXX

NET MEASURED YAWING MOMENT FOR SHORT MODEL AND COMPUTED YAWING MOMENT IN POUND-FEET FOR
LONG MODEL WITH NO. 68 OONTROL EURFACES

[Model at 0° pitch and elevators neutral. Mement axisat O. B, Alr speed, 40 miles per hour]

Fins No. 6 (without .
elevators or rud-| Control No.6A on—| Control No. 6B on— | Control Ne. 6C on— | Control No. 6D on—
Rudder | Angle of ders) on—
setst’inz yaw
8hort hull { Long hull | Short hull | Long hull | Short hull | Long hall | 8hort hall | Long hull | Short hull | Long hull
Degrees | Degrees
o - " 0 0 [1} [ 0 o . 0 [1] [} 0 0
2 1234 477 . }-. 248 +.204 . 246 4208 . 249 o 207 i 248
0 . 450 . 536 ¢ 402 i 468 i 400 . 468 +. 404 . 470 . 408 . 469
+7 ress +. 789 . 646 . T80 . 638 +. 730 . 633 . T24 I.m . 707
410 +. 812 +-. 984 758 +.828 +-. 745 +.812 i 738 . 799 . 712 . TTT
+15 +.010 +.903 . +-. 908 +-. 811 +-. 800 . 800 +.872 <. 7687 . 838
—-15 —1.023 —1,104 —1.062 -1.146 -1, 062 —1. 147 —L079 —1.108
' —-10 —. 018 —. 992 —. 638 ~1. 016 —. 950 —1.030 —. 860 —1.043
-7 -, 702 —. 889 —. 808 ~. 008 -.817 —.918 —. 831 —. 083
—4 —. 573 —. 644 —. 579 —. 083 —. 505 —. 678 —. 604 ~. 683
-2 —. 363 —. 410 —. 376 ., 4235 —. 392 —. 443 —. 401 —. 453
+16 K 0 —. 140 —. 147 —. 154 —~. 154 —. 178 —. 184 —. 100~ —. 200
+2 . 074 109 . 054 . 087 :t 033 . 085 . 017 :t 049
+4 . 203 . 322 . 250 . 306 . 225 . 280 . 192 -, U5
+7 478 +. 561 - 456 . 538 i 414 . 462 . 372 - 446
+10 . 584 . 840 +. 551 . 605 . 502 :t.m I;m -, 508
+15 ~+. 651 . 7168 +. 503 . 851 +.54 . 604 . 485 . 539
—15 |{.. —1161 —1, 249 ~1.283 —1.828 —1.282 —1.382 —1,300 —1.406
—10 - —1.038 —=1.118 —~1093 —1.178 —1.133 —1223 —1160 —1.258
-7 —. 84 —, 000 —. 948 —1.0668 —. 982 —1,003 -1.017 —1.130
—4 —. 675 —. 754 —. 708 —. 789 —. T4 —. 828 —. 791 -, 877
-3 —. 478 —. 827 —. 517 -, 578 —. 552 —.611 —. 602 —. 083
+20 0 -. 203 ~. 280 —.308 7 —.828 -. 353 - 370 =, 403 - 424
2 -, 000 - 032 —. 100 -, 075 -, 150 —. 127 —, 200 —. 179
+. 130 <. 181 i. 083 . 133 +.042 . 086 —. 038 -+ 004
47 . 828 . 401 . 278 . 340 Imﬂ i.%‘( . 106 - 167
410 . 428 476 . 352 im . 282 y =+, 171 . 207
+15 . 483 536 +-. 389 . 437 +. 318 +-. 364 +-. 189 . 230
TABLE XXXI

YAW FORCES AND MOMENTS ON LONG MODEL HULL WITH NO.5 CONTROL SURFACES
[Model at 0° pitch. Elevators and rudders neutral. Alir speed, 30 miles per hour]

Net Yeawing
Net Yawing
Aynnglew g‘ c?oam-wiednd measured m&ﬁ%’gl#" X force Yforce |moment N,
foree O drag D aft C. B. axis at C. B.
Pound- .
Degrees Pounds Pounds inches Pounds Pounds | Pound-fee
[} [} 0. 090 1] -+ 090 (] 0
+15 —. 560 287 6. 73 +-. 085 —. 602 . 529
+380 —1. 342 847 8. 08 -+, 062 —1. 583 . 341
45 —1.980. 1938 8.02 —. 032 —~2.769 +. 111
~1.9785 2.962 +4.16 —. 230 —3.558 +.166
75 —1.457 3. 685 .35 —. 461 —3. 816 -, 169
90 -~ AT7 8,738 -14. 69 —. 477 —3.738 -1 415‘

——— e ——

. e —
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OSCILLATION DATA FOR LONG MODEL AND APPARATUS AT VARIOUS AIR SPEEDS

TABLE XXXII

[Model at 0° pitch. Elevators and rudders nentral]

Adr Number of oscillations to rednce amplitude from 3.5 to ¢
miles
pef_s Amplitude ¥ (degrees)
hour
3.5 3.0 2.6 2.3 20 L8 L6 14 L2 L0
Apparstos aud bare hull combined

0 0 140 7.6 30.0 5L§ 6LO 72.0 8L 5 8.5 115.0
10 [} 120 2.5 3L5 42.0 5.0 5.0 0.0 0.5 4.0
20 0 0.5 18.5 2.5 MUs 4L 5 48.5 57.0 66.5 7.0
30 4 85 18.0 2.5 2.5 350 4LQ 49.5 5.5 855

Apparatus and huoll with econtrol No. 1 combined

0 [\ 145 28.0 39.0 25 620 73.0 85.5 0.5 8.5
10 0 7.5 15.0 210 27.5 2.5 8.5 45.0 2.5 8LO
20 0 5.5 10.0 4.0 10.0 25 28.5 3L6 36.0 4.0
30 0 4_.0 7.5 10.5 140 17.0 20.0 2.0 27.0 3L5

Apparatus and hull with control No. 2 combined

(1] 0 15.0 285 40.0 5.5 63.0 740 87.0 10.0 116.0
10 0 8.0 15.5 2.0 .0 35.0 4L0 48.0 56.0 655
20 [+ 8.5 1.0 15.0 (1} 2.0 28.0 3.0 8.8 45.0
80 0 40 8.0 ILS 15.0 180 2L0 25.0 o 340

Apparatus and hull with contral No. 3 combined

[} [} 140 27.5 30.0 8LE 6LO 72.5 86.0 $9.0 118.0
10 0 65 12.5 17.5 .5 280 3.0 8.5 450 53.0
20 (1} 45 8.5 12.0 18.0 19.0 2.5 2.5 3L0 36.0
30 [ 3.0 [. ¥ 0.0 1Ls 140 18.5 10.0 nE 26.0

" Apparatus and hull with control No. 4 combined

¢ 0| 140 2.0 | 5.5 | L5 | 720 | 8.5 | 85 | uso
10 a 7.0 40 10.5 25.5 3L0 38.0 42.5 40.5 58.0
20 0 5.0 9.0 12.5 17.¢ 20.0 2.5 2.5 32.0 37.5
a0 0 35 7.0 9.0 125 5.0 17.5 20.5 24.0 280

Apparatus and huoll with control No. 84 combined

[ [} 15.0 8.5 40.0 5.0 43.0 4.0 86.0 1020 175
10 0 &0 180 2L0 280 3o 40.0 i85 &0 640
20 0 50 2.5 13.5 180 L5 25.0 205 345 00

[H] a5 7.0 10.0 13.5 16.0 0.0 22'0 28.0 30.5
Apparatus and hull with control No. 6D combined

0 0 14.0 27.§ 39.0 520 6L5 72.0 85.0 9.0 1168.0
10 0 7.5 140 2.0 2.5 3LS 7.0 43.6 SL0 5.5
20 0 50 9.5 13.0 17.5 2.0 26.0 2.0 3L 0 40.0
30 0 3.5 7.0 10.0 13.0 8.0 19.0 29 2.0 20.0

Apparatus alone (taken after test on bare hull)

0 ] 18.0 30.0 420 55.5 6.0 .6 0.0 106.¢ 123.0
10 0 125 2.5 33.0 44,5 5.0 6.0 72.0 8.0 08.0
20 0 1.5 20.0 20 37.0 44,0 SL& 60.0 70.0 8L 5
30 1] 0.0 17.0 4.0 820 350 44.5 520 6L0 7L0

Apparatus alone (taken after fest on hull with No. 2 control)

Q 0 16.0 30.0 43.0 57.0 67.5 0.5 025 108.0 128.0
10 (1} 13.0 245 L5 450 850 6Ls 75.5 8.0 103.0
20 1] 10.8 20.0 28.0 3.5 440 | 5LE 6L 0 70.5 82.0

¢ &5 16.5 %0 320 38.5 45.0 5.0 62.0 720
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COEFFICIENT OF DAMPING MOMENT FOR LONG MODEL AND APPARATUS AT VARICUS AIR SPEEDS

TABLE

XXXIII

" IModel at ¢° pitoh. Elevators and radders neutral

N ber ' 2] Log .1.t-h %ogmdeftgl
wmber o ‘ WP garith- | of dampin;
Afr a, | osclilations; Duration g"g"%g mie moment
miles '| todamp tof demping| tion | decrement | i OF pom=
per hout | amplitude Tmtln  |awilog o] 222
ey (seconds) | (go0onds) A=glogm| T
8 to Pmn S| =osin | (slngsy
: RC.)
Bare hull and apparatus combined L
1] 87.6 61.6 1,643 0. 0108 0. 055
10 30.0 405 1,880 . 0135 069
20 25.0 42.8 1.671 . 0162 . 082
30 2L0 35.9 1.708 0163 . 085
Hull with control No. 1 and apparatus combined
0 ‘88.Q [T L6923 Q. 0107 0. 056
10 20.0 84.3 L7138 . Bt
20 13.5 3.8 L737 . . 155
80 10.0 17.6 1.763 . (405 . 205
Hull with control No. 2 and apperatus combined
0 8.5 6.6 1728 0.0103 0.057
10 3L9 | 36.4 1.7382 .01 104
20 14.5 25.4 1749 . L 149
30 10 19.6 L7 ~0368 ‘168
b
Hull with control No. 3 and apparatus combined
0 3.6 64.8 | 1727 0.0108 0.038
10 17.6 30.4 v L787 L0221 124
20 1L 5 0.1 L 7% © L0352 187
30 8.5 181 LTI 0477 250
Hull with control No. 4 and apparatus odiabined
0 37.5 85.4 1743 | 0.0108 0.059
10 18.5 32.2 1,741 0219 119
20 12.0 211 1,762 .0338 .182
30 9.0 16.1 1,788 . 0450 . 239
Hull with control No. 6A and apparatus combined
0 =0 | 6.4 LT4T 0.0107 0.058
10 2.0 35.0 1748 . 0208 110
20 13.0 22.9 1,766 . 0300 162
10.0 17.9 . 0405 .2318
Hull with control No. 6D and apparatus combined
0 3.0 66.6 1761 [ 0.0107 058
10 19,0 .3 L70 | .1 L1107
20 125 2.1 17T 0824 . 175
30 95 17.¢- L7090 i . .228
Apparatus alone (taken after test on bare hully
0 30.5 47.8 La 0.0103 |  0.030
10 32.0 38.8 1213 Rob 048
20 20.5 32.2 1214 . 068
30 23.0 28.0 1218 I L0176 . 068
-t -
Apparstus elone (taken after test on huli with contrel No. 2)
: ] —
0 410 40.6 Lan 0. 0099 0.037
10 33.0 4£0.0 L218 L0123 046
20 2.5 83.4 1.214 0147 .05
30 2.6 28.6 1.215 L0172 085

1For values of I see Tabls XXXIV.

o= Coefliclent of dampingimoment for model and apparatus contbined.
pa=Coeficient’of damping moment for apparatus slgge.

-
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TABLE XXXIV

COMPUTATIONS FOR MOMENT OF INERTIA I=K, T/ir?

[Ea=MN=61.60 Ib.ft.frad. 4xtm39.47]

T I (gug-
Osclllating system (seconds) | feet.d)

Bare hull and apparatus combined. .. 1643 4213
Hull with contral No. 1 and apparatus combined 1.682 4,467
Hull with control No. 2 and apparatus combined 1728 4681
Hull with control No. 3 and apparstos combined 1.727 4. 655
Hull with control No. 4 and appsratus combined._____.__] 1743 4740
Hull with control No. 6A and apparatos combined . __ ] 1L.747 4£.763
Huli with control No. 8D and apparatus combined ____._ L 751 4. 785
Apparatus alone. L3211 2.288

COEFFICIENT_OF DAMPING MOMENT FOR LONG MODEL ALONE AT VARIOUS AIR SPEEDS

TABLE XXXV

[Model at 0° pltch. Elevators and rudders nentral]

AD tus | Oscillating
Alrgpeed, [ 83 model | ap tos Model
miles per | combined, one, slons,
hout 2D ke | pmsepe
Be="T Pe=" (Blug-ft.
(Slag-ft.}/sec.)| (Blug-1t.y/sec.)
Bare hull

0. 0585 0.039 0.018
10 069 048 .021
20 . 082 058 024
80 .008 088 . 029

Hull with control surfaces No.1 *

0 0.058 0.039 0.0I7
10 .17 048 .058
20 . 155 .058 097

. 066 139
Hull with control surfaces No. 2
0.057 0.037 0. 020
10 104 . 046 . 088
20 140 056 .003
30 .168 - 065 128
Hull with control surfaces No. 3

0 0. 058 0.0387 0. 021
10 124 . 046 M
20 . 187 .056 .181
30 . 350 . 085 .185

Hull with control surfaces No. 4

0 0.0589 0.Q37 0022
10 119 048 .073
20 .182 . 058 .128
30 . .065 174

Hull with contrel surfaces No. 8A
0.058 0.037 +0.021
10 110 . . 064
20 .162 . 068 . 108
.216 . <151
M Hull with confrol surfaces No. 6D

1] 0.059 0. 087 0.021
10 LI1T . 046 071
20 178 . 056 119
30 . . 085 .168 l

848—261—18
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TABLE XXXVI

STABILITY CRITERION FOR LONG MODEL IN YAW
[Model at 0° pltch. Elevators and rudders neutral. ‘Test speed, 40 miles per hour]

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

' ]
Moment arms c font=
= s ratio of
Condition of model Disturbing| Reacting “:‘{1-";
‘ux,
N‘b/ Y{, apful
|
- S . Percent | Percent !
Barehull oo ooeoe - —145.7 1. -0.011
Hull with No. 1 controls. ..o oo ccenrren P —58.8 18. 87 —. 285
Hull with No. 2 controls.... SR | —82.2 13, —. 156
Hull with No. 3 contro] —— —=38.9 2115 —. b4
Hull with No. 4 controls. —} —58.8 19,86 —, 850
Hull with No. 84 controls. . oooom e cccecaeaee S—— = 7%'3 16 —~.218
Hull with No. 6D controls. ~78. 18. — 257

1 Here, uftt denotes slopes of lines in Figure 32,
¥ This eriterlon= ¥, ¥ UN,, see Report No. 2
(Yy, Ny)= (0TI, 3K/[34) at dm0°.
=g }fm=scale ratioVmess of ship.
- 120 3/5426.87 slugs=318.4

! Given in percentage of a!.rsﬁfp length=044.68 feet.

12, National Advisory Committee for Aeronautics.
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